Abstract Early-onset aggressive behavior is known for its negative developmental consequences, and the associated high costs for families, the health care system and wider society. Although the origins of aggressive behavior are to be found in early childhood, the costs incurred by aggressive behavior of young children have not been studied extensively. The present study aimed to investigate whether preschool children with a high level of aggressive behavior already differ in the generated amount of costs and impact on family functioning from children with lower levels of aggressive behavior. A population-based sample of 317 preschool children was divided into four groups with different levels of aggression (moderate, borderline, clinical). Parents filled out questionnaires to assess service use (lifetime and past 3 months) and impact on family functioning. Over the past 3 months as well as over the first 4 years of life, children with a clinical level of aggression were more costly than children with a low level of aggression (mean total costs over the past 3 months: low = €167,05 versus clinical € = 1034,83 and mean lifetime costs: low € = 817,37 versus clinical € = 1433,04), due to higher costs of services used by the child. In addition, families of children with a borderline or clinical level of aggressive behavior reported more impairment in their daily functioning than families of children with lower levels of aggression. The findings demonstrate that a high level of aggressive behavior results in high costs and impaired family functioning in the preschool years already.
Introduction
Disruptive Behavior Disorders (DBD), a term which covers both oppositional defiant disorder (ODD) and conduct disorder (CD) (American Psychiatric Association 2000) are known for their negative developmental outcomes; e.g., high school drop out, delinquency, substance use dependence, personality disorders, and unemployment (Maughan and Rutter 2001) . These negative outcomes have large financial implications for families of children with DBD, the (mental) health care system and wider society.
Several studies have investigated the financial consequences of DBD in school-aged children and adolescents. In general, these studies reported substantially higher costs of children with conduct problems when compared to their normally developing peers (Foster et al. 2005; Knapp et al. 1999; Scott et al. 2001) . These high costs were mainly due to criminal activities, and increased utilization of health, social, and educational services. Since patterns of service use tend to be stable over time (Lavigne et al. 1998; Leventhal et al. 2000) , these patterns may predict utilization of services at later ages (Vostanis et al. 2003) . In addition, parents of children with conduct problems often report using more services due to their children's behavior than parents of typically developing children (Knapp et al. 1999) .
It is important to investigate whether service use and costs of young children with aggressive behavior are already high at an early age. Since high levels of aggressive behavior tend to be stable and persistent over time (Frick and Loney 1999; Shaw et al. 2005; Tremblay et al. 2004) , effective preventive interventions for these children may have long-term benefits and the costs of such interventions may be outweighed by the long-term savings. Two studies have been conducted in young children with a relatively large age range (Lavigne et al. 1998; Romeo et al. 2006 ) and revealed that children referred for antisocial behavior as well as children with externalizing problems were significantly related to increased use of services, resulting in high costs. Additionally, it was reported that these children imposed a substantial burden on their families; e.g., by extra time their parents spent on household tasks (Romeo et al. 2006) . However, these studies did not differentiate in level of aggression, nor look at a specific age group.
Aims of the Study
The present study aimed to examine whether 4-year-old children with high levels of aggressive behavior differ in their rate of service use and associated costs, and in the burden on the family compared to children with lower levels of aggression. To investigate whether aggressive preschool children already generate high costs, we assessed service use and estimated costs over the past 3 months and the first 4 years of life of children who ranged from low to clinical levels of aggression. We hypothesized that children who showed high levels of aggressive behavior and their parents would use more services, resulting in higher costs than children with normative levels of aggression and their parents. Impairments in daily functioning of the parents due to the behavior of the child (e.g., extra time needed for daily household tasks, absenteeism at work, and damage done by the child) were also assessed. In this regard, we hypothesized that parents of children with high levels of aggressive behavior were more impaired in their daily functioning than parents of children with a low level of aggression.
Methods

Participants
Data were collected on 317 children who were enrolled in a study into the preventive effect of an intervention for parents of preschool children with aggressive behavior. Children were selected from a Dutch population-based sample in the province of Utrecht. The addresses of the children were acquired by the Office for Screening and Vaccination. All recruited children were born either in 2000 or 2001 and were 4 years old at the time of assessment. Children's level of aggression was measured by the Child Behavior Checklist 1½-5 (CBCL) Aggressive Behavior scale (Achenbach and Rescorla 2000; Dutch version by Verhulst & Van der Ende) . This scale consists of 19 items (e.g., "hits others" and "often has temper tantrums"). Parents circle the answer which fits the behavior of their child: "never", "sometimes" or "always." In this study, we wanted to compare the costs of children with different levels of aggression, and therefore children were divided into four groups. The two groups of children with higher levels of aggressive behavior were classified according to CBCL norms. The Borderline Range (93rd to 97th percentile) contains raw scores ranging from 21 to 23 (i.e., borderline group), and the Clinical Range of the CBCL includes scores of 24 and higher (≥97th percentile; i.e., clinical group). Children with different levels of aggression, and therefore children with lower levels of aggression were included in two other groups. Based on previous studies into the prevention of disruptive behavior, we applied somewhat similar criteria to identify children at risk (e.g., Lochman and Wells 2004; Tremblay et al. 1995) . Children with an Aggressive Behavior score below the 80th percentile (raw scores ranging from 0 to 15) were considered to have a low level of aggressive behavior; therefore, these children were classified as "low." Children with scores ranging from 16 to 20 (i.e., scores above the 80th and below the 93rd percentile) were classified as "moderate." We assumed that those children would show more problematic behavior than the low group, but less than groups with higher levels of aggression. Descriptives of these four groups are displayed in Table 1 . Although the child's age differed significantly between the groups (F (3, 316)=5.432, p=.00), this difference of less than 2 months between the low and clinical group was not considered relevant. In addition, it should be noted that the population studied was very highly educated when compared to the general Dutch population.
Procedure
Voluntary written informed consent was obtained from the participating families. A set of questionnaires was mailed to the parents. Parents received a monetary reward of € 20,-for their participation. The study was approved by the Medical Ethical Review Committee of the Utrecht University Medical Center.
Measures
Data on Service Use
Data on service use of the child due to aggressive behavior problems over the past 3 months and over the first 4 years of life were collected retrospectively. Additional data on service use of the parents in the past 3 months were also collected. Parents were asked to report which types of services were used by their children and themselves and about the frequency of consultations. Nineteen different service types were categorized into the following domains: medical care (General Practitioner (GP), specialist services, physiotherapist, speech therapist, language center, health visitor and alternative medicine), mental health care (child psychologist, psychologist psychiatrist, mental health services (day treatment or outpatient treatment)), youth care (regional child care; i.e. community youth care, social work, service for the learning disabled, medical day nursery, special needs day nursery, child care & protection board) and educational care (educational services) of the children. The use of medical care (GPs, specialist services, company doctor, physiotherapist, alternative medicine), mental health care (child psychologist, psychologist, psychiatrist, mental health services) and community care (social work) of the parents over the past 3 months was also assessed. Service use was assessed in different manners over 4 years and 3 months. Over 3 months, parents were asked to fill out the number of consultations. Over 4 years, parents reported the frequencies of utilization of services in four categories, 0-5, 6-10, 11-15, and more than 15 consultations. In our calculations we used the absolute values 3, 8, 13, and 16 for these four categories respectively.
Cost Calculation
Service cost estimates were based on figures published in Oostenbrink et al. (2004) , on information from health insurance companies, personal communication with service providers and the Internet. These service cost estimates include the total amount of costs of the service used; i.e., salary, housing, materials and all other costs associated with service use. All costs were calculated in Euros at 2004 price levels (see Appendix A). To generate service costs for each participant, cost estimates for each service type were combined with our data on service use. Only mother reports on child service use were included in this study. Service use by parents themselves was reported for mothers and fathers separately. ≥80th to ≤93rd ≥93rd to ≤97th ≥97th 
Questionnaire on Work and Costs
To collect information on impairment in daily functioning of the parents, a questionnaire based on the Health and Labour Questionnaire (HLQ) (Hakkaart-van Roijen and Essink-Bot 1999; Van Roijen et al. 1996) was adapted (see Appendix B). Employment status, absenteeism at work due to the child's behavior, extra time and help needed for housekeeping, for activities with the child and for doing chores were assessed. In addition, the costs of damage done by the child were assessed. The questionnaire consisted of 12 questions that were asked about the past 3 months or the past 2 weeks. Both mothers and fathers filled out this questionnaire.
Data Analysis
Separate analyses were conducted for the costs of lifetime service use of the child and service use over the past 3 months of both child and parents; both means and medians were reported and tested. For the analyses on service use of the child and damage done by the child the mothers' report was used, except for the children whose father was the primary caretaker (n=2). The Questionnaire on Work and Costs was analyzed for mothers and fathers separately, using χ 2 analyses and ANOVAs for the different variables, followed by post hoc Bonferroni tests.
Results
Service Use-Child
Data reported on service use are often highly skewed, because only a small number of participants may use a specific type of service very often, whereas a substantial number of participants may have no contact with this service type at all. Therefore, in the appendices, the number of parents and children who actually received services is depicted, as well as the service costs for this group of parents and children. Appendix C and D present utilization rates and service costs for all groups of children over the past 3 months and the first 4 years of life, respectively. Over the past 3 months, medical care was used by the largest number of children in all groups, but did not account for the highest costs. Although not many children used services other than medical care, the highest service costs for the group of children with a low level of aggression were caused by mental health care, and in the groups with higher levels of aggressive behavior youth care accounted for the highest costs. Due to the small number of participants who used services, analyses on separate service categories were not meaningful. Therefore, the total costs (an addition of the costs of medical, mental health, youth, and educational care) per group over 3 months were compared using one-way ANOVA. This analysis revealed a significant effect, F (3, 177)=4.145, p=.01, and was followed by a Bonferroni post hoc test, which yielded a significant effect for the group with a low level of aggression versus the clinical group (p = .00). These findings indicate that the group of children who showed a clinical level of aggressive behavior was significantly more costly over the past 3 months than the group with a low level of aggression. In addition, a univariate ANOVA followed by a post hoc Bonferroni test was conducted on the total frequency of service use. A significant difference in the frequency of service use between the group with a low level of aggressive behavior and the group with a clinical level of aggression became apparent, F (3, 177)= 3.467, p=.02; Bonferroni: p= .01. The clinical group visited services significantly more often than the group of children with a low level of aggression. With respect to the demographic variables, no associations between the amount of costs over 3 months and parent or child variables were found.
Appendix D displays utilization rates and service costs over the child's whole life. Over 4 years, medical care was the service category that was used by the largest number of participants again, and it was also the category of service that was used most often. In contrast to the findings over the past 3 months, in the first 4 years of life medical care was for almost all groups the service category that yielded the highest costs. In the group of children with a moderate level of aggression, costs were almost equally divided over the services categories. Only in the clinical group were the highest costs clearly due to a category other than medical care, namely youth care. Again, only a small number of participants used services other than medical care. Hence, the total costs per group over 4 years (see Appendix D) were compared using one-way ANOVA. This analysis revealed a significant effect, F (3,282)=4.694, p=.00. The Bonferroni post hoc test also yielded a significant effect for the low group versus the clinical group (p=.00). These results show that over 4 years, the group of children with a clinical level of aggression generated more service costs than the group with a low level of aggression. Again, the total frequency of service use was analyzed and this yielded a significant difference between the group of children with a low level of aggression and the group of children with a clinical level of aggression, F (3, 284)= 4.536, p=.00; Bonferroni: p=.00. The clinical group used services more often than the group of children with low levels of aggression. To take into account that a lot of children did not use services at all and to provide a more complete description of the data, medians were also tested with Kruskall-Wallis tests, followed by Mann-Whitney U tests and post hoc Bonferroni tests. Results found were similar to the results of the ANOVA performed previously (medians past 4 years: LOW=580,60; MOD =640,00; BOR=681,60; CLIN=915,60; χ 2 =10.281, p=.02; Bonferroni low versus clinical: p=.02). With respect to the demographic variables, associations between the amount of costs and IQ of the child and age of the mother were found; the lower the IQ of the child (r=.00), and the lower the age of the mother (r=.04), the higher the generated amount of costs over 4 years.
Service Use-Parents Service use of mothers and fathers in the past 3 months was assessed. For both mothers and fathers in all groups medical care was the service which was used by the largest number of participants. However, for both parents no significant differences between the groups in total costs and frequency of service use were found.
Damage
Parents were also asked to report whether their child had damaged or destroyed objects in the past 3 months (see Appendix E). A significant relation between destroying or damaging objects like toys, plates, furniture, drawings, vases, several household goods and the level of aggression was found. The analysis revealed that more children in the clinical group had damaged or destroyed objects than children in the low, moderate, and borderline groups. The monetary value of the objects the child damaged or destroyed as well as the number of physical injuries caused by the child did not differ between the groups.
Total Costs: Child, Parents and Damage Next, total costs of the child were computed by adding up service utilization costs of the child and both parents, and the costs of damage done by the child over the past 3 months (see Appendix C). A univariate ANOVA revealed that the groups significantly differed in total costs, F (3,316)=7.198, p=.00. A post hoc Bonferroni test showed that the clinical group had significantly higher costs than the low and moderate group and the difference in costs between the clinical and borderline group was marginally significant, with the clinical group being more costly (post hoc Bonferroni: clinical versus low and moderate group: p=.00). Again medians were also tested with Kruskall-Wallis tests, followed by Mann-Whitney U tests and post hoc Bonferroni tests. Results found were similar to the results of the ANOVA performed previously (medians past 3 months: LOW=61,25; MOD=165,40; BOR=178,60 ; CLIN=310,60; χ 2 =19.368, p=.00; Bonferroni low versus clinical: p=.00).
In order to check whether the costs found were actually due to antisocial behavior, rather than the fact that these problems occur in more disadvantaged families who might use more services regardless of whether their children are antisocial, a multiple regression analysis was performed. The educational level of the parents (which was used as an indicator of SES in this study) was taken into account to see whether the costs found were a consequence of antisocial behavior or markers of general social deprivation. Total costs over 3 months were entered as the dependent variable and the four CBCL groups and education were entered separately as independent variables in the analysis; B CBCL =.21, F (1, 315)=13.91, p=.00; R 2 change=.042 and B education =−.04, F (1, 311)=.582, p=.45; R 2 change=.002. The results of this analysis revealed that the costs found are truly costs of antisocial behavior; the influence of education of the parents was not significant. In addition, it became apparent that the influence of social status was very small; much smaller than the influence of aggressive behavior.
Work
Results of the analyses on work are shown in Appendix E. A chi-square test of independence was performed to examine the relationship between the level of aggression (the four groups) and employment status. A significant relation between group and not being able to have a job or having to work part-time due to the child's aggressive behavior was found for mothers. The largest number of mothers who were unable to work full-time due to the behavior problems of their child was found in the clinical group. In contrast, not one father reported that he was not able to work or had to work part-time due to the child's aggressive behavior.
Absenteeism at work differed significantly between the groups for both mothers and fathers; mothers and fathers of children in the clinical and borderline groups were more often needed at home due to the behavior problems of their children than mothers of children in the moderate and low group. In addition, a significant difference between the groups in absenteeism at work due to visiting services with the child was found for mothers. Mothers in the clinical group were more often needed for visiting services with their children than mothers of children with a low level of aggression. Parents were also asked whether they were hampered or functioned less optimally due to their child's behavior problems while working. The analysis revealed that being hampered at work or functioning less optimally was significantly related to group for both parents. Parents in the borderline group reported to be hampered at work most often, followed by parents in the clinical group.
Impairment in Family Functioning
Results of the analyses on family functioning are depicted in Appendix E. Regarding impairments in daily functioning at home, a significant difference in the hours spent on doing household tasks (e.g., cleaning or cooking) was revealed for mothers. Mothers of children in the clinical group spent more hours on household tasks than mothers of children with lower levels of aggression. For fathers, a significant difference in time spent on doing groceries was found. Fathers in the borderline group spent more time on doing groceries than fathers in the moderate group did. With respect to the mothers who were not able to do their household tasks due to the aggressive problems of their child, mothers in the borderline group received the most paid help from others (e.g., from a daily help), significantly more than the mothers in the groups with lower levels of aggression. Fathers in the clinical group received significantly more help from family members, relatives, or neighbors than fathers of children with a low level of aggression. In addition, parents were asked to report whether they had done their household tasks, groceries, chores, and activities with their child in the past 2 weeks and whether they were hindered by the aggressive behavior problems of their child while carrying out these activities. For mothers, significant relations between group and household tasks, doing groceries, doing chores, and activities with their children were found. Fewer mothers in the clinical group had done household tasks and chores, groceries were less often done by mothers in the moderate group, and activities with the children were less often carried out by mothers in the borderline group than by mothers in the other groups. No significant relations between group and carrying out any of these tasks were found for fathers.
Hindrance experienced by parents due to the aggressive behavior of their child while performing these tasks was significantly related to the level of aggression of the child, for both mothers and fathers. On all of these tasks or activities, larger percentages of mothers and fathers of children in the clinical group reported to be hindered by their children's behavior problems than did mothers and fathers in the groups of children with lower levels of aggressive behavior. The smallest percentages of mothers and fathers who experienced hindrance were found in the groups of mothers and fathers of children with a low level of aggression.
Discussion
This study of 4-year-old children with aggressive behavior tested hypotheses regarding impairments in family functioning and costs of service use of both the child and its parents. As expected, already at 4 years of age, differences between children with high and low levels of aggression in both costs of service use (over the past 3 months as well as the first 4 years of life), and family functioning became apparent. Children with a high (clinical) level of aggression were found to be more costly than children with a low level of aggression, due to higher costs of services used by the child. In addition, parents of children with higher levels of aggression (borderline and clinical) showed more impairment in daily functioning than parents of children with lower levels of aggression.
Although several studies have investigated family functioning and costs of children who were referred to mental health services for severe antisocial behavior or a diagnosis of CD with an age range from 3 to 10 years (Knapp et al. 1999; Romeo et al. 2006) , to our knowledge this is the first study that assessed both impact on family functioning and costs of service use in a group of 4-yearold children with different levels of aggressive behavior in a large population-based sample. Overall, the results of this study were fairly consistent regarding impairment in daily functioning and costs of service use; differences were mainly seen between children with a high level of aggression (borderline and clinical group) and children with a low level of aggression. This complements literature demonstrating that children who do not fully meet the criteria for a disorder but who show a large number of aggressive behavior problems or subclinical levels of aggression might experience negative and costly consequences already (Angold et al. 1999) .
Notwithstanding the fact that data over 4 years might be subject to recall bias, the findings on service use over 4 years correspond with the results found over 3 months. Regarding the costs of service use over the past 3 months, our results confirmed our hypotheses and were in line with other studies (Lavigne et al. 1998; Romeo et al. 2006) ; the highest costs of service use were found for the group of children with clinical levels of aggression.
Interestingly, highly aggressive children used more youth care services than children with lower levels of aggression. This might be due to limited recognition of young children's psychopathology by GPs (Sayal and Taylor 2004; Zwaanswijk 2005) . As illustrated by the finding that only children who show clinical levels of aggression incurred high costs in youth care, it might be that GPs refer 4-year-old children with more severe aggressive behavior problems to youth care services first. At such a young age, GPs might tend to interpret aggressive behavior in terms of parenting problems, whereas older children and adolescent will be directly referred to mental health services.
Contradictory to our hypothesis, no differences in service use and costs of both mothers and fathers were found between the groups. Although parents of children with borderline and clinical levels of aggression reported impairments in their daily functioning, they did not seek help or use services more often than parents of children with lower levels of aggression did, in contrast with the findings of Knapp et al. (1999) . This absence of increased service use of the parents of aggressive preschoolers might be due to the young age of this group of children. The aggressive behavior of the child has a direct effect on the daily functioning of the family, whereas more frequent service use of the parents might be a more indirect effect. If a high level of aggressive child behavior becomes an entrenched pattern over time, parental service use might increase as a consequence of the child's behavior problems.
The findings on impairment in daily functioning of the parents reflect the problems that parents of children with highly aggressive behavior experience. It is shown that the impact of preschool children with aggressive behavior on their families is large. Parents do not only carry the burden of the behavioral problems of their child and its negative consequences, but they experience additional difficulties in their own functioning at work, in their housekeeping and activities with their children. Mothers were especially hindered in their daily functioning. With respect to doing household tasks, a difference between mothers and fathers of children with aggressive behavior was found. Although fathers also reported hindrance while doing household tasks and activities with their children, fathers were still able to carry out these tasks and activities, unlike the mothers. This might be a consequence of the conventional role pattern of men and women in the Netherlands; in most Dutch families wages are mainly earned by full-time working fathers, while most part-time working mothers carry the responsibility for the children and housekeeping (Portegijs and Keuzenkamp 2008) .
This study has certain limitations that are important to acknowledge in interpreting the results. First, data on service use as well as data on child behavior were collected from a single source, the primary caregiver, mostly the mother. Teacher ratings of antisocial behavior were unavailable due to the Dutch school system, in which it is only mandatory to attend school from age 5 onwards, and could therefore not be used in this study. Using parental ratings for both variables caused a lack of independence between the dependent and independent variables. In addition, since we relied on parent-reported data only, several different explanations for high rates of service use can be given. A first explanation could be that parents who use services for their children in a high frequency might be more inclined to rate their children's behavior as (more) problematic. Another explanation might be that parents who are high-rate endorsers on many types of instruments rated their children's behavior as more aggressive and reported greater service utilization and damages. A final possibility could be that children who really are showing a high level of aggression at age 4 were also involved in a greater amount of service use and damaged more objects from birth to age 4. Due to the uncertainty of the origin of high levels of aggressive child behavior and consequently higher cost of service use, the results of this study should be interpreted cautiously.
Second, our measure of service use was a self-report instrument for parents and data were collected retrospectively. Therefore, data might have been influenced by parental and recall biases, especially the data on service use over the first 4 years of life of the child. In future research, the use of additional data sources, such as administrative records of services, might help in preventing these biases. In addition, to provide a comprehensive picture of the costs of children with aggressive behavior, costs associated with loss of productivity of the parents and of service delivery should also be taken into account (e.g., travel costs, administrative costs and the child's future earnings). Third, in all groups more boys than girls were included. Although no differences in gender ratio between the groups were found, the results presented here are mainly relying on data from boys. Despite the fact that the dominance of boys with respect to aggressive behavior problems is well known (Archer and Côté 2005) , by using larger groups, it should be possible to include more girls in the study and to make inferences about their service use and costs. Fourth, our sample consisted of highly educated parents who had children at a relatively older age. Despite our efforts, we did not succeed in involving less educated families in this study. The number of parents who received higher vocational or university education was twice as high in this study as in the general population in the Netherlands (CBS, Statline 2006) . This might have introduced bias to our data on service use, because children with the most severe aggressive behavior problems often come from less educated and relatively young parents (Côté et al. 2006; Nagin and Tremblay 2001) . Therefore, due to the overrepresentation of highly educated people, the effects found in this study might have been greater if a more disadvantaged sample had been used. Fifth, the results presented here are only applicable to the Dutch health care system. In the Netherlands, not only health care but also social services and youth care are available for the whole population, and there are no financial barriers to use services. Therefore, these findings cannot be generalized to countries with other health care or social service systems. An additional limitation is that not all children in our sample went to school, which might have caused an underestimation of the costs of educational care. In the Netherlands it is mandatory for children to attend school from age 5 onwards, but almost all children go to school at age 4. Therefore, we assume that the children who participated in this study probably attended school for only 3 months. Since educational costs are likely to increase as children grow older, it is important to investigate educational costs longitudinally in future research.
This study extends the finding that aggressive behavior in school-aged children generates high costs (Foster et al. 2005; Knapp et al. 1999; Scott et al. 2001) in that a high level of aggressive behavior at 4 years of age already incurs high costs and has a large impact on the family in the Netherlands. Hence, a decrease in aggressive behavior at a young age might lead to a decrease in costs for the child, the family and wider society. If this decrease of aggressive behavior does not occur, the risk for DBD increases and costs will rise over time due to high rates of service use for the treatment of psychiatric disorders, delinquency, incarceration, and unemployment. Recently, evidence-based interventions and prevention programs have gained attention. There is evidence that these programs effectively reduce aggressive problem behaviors (Conduct Problems Prevention Research Group 1999; Hutchings et al. 2007; McCart et al. 2006; Shaw et al. 2006) . Consequently, early and accurate identification of children with high levels of aggressive behavior who might be at risk for the development of DBD and the investment of delivering these programs with fidelity will result in large savings on the long term. The finding that children with high levels of aggressive behavior already generate high costs at 4 years of age, and that these costs are likely to increase as these children grow older, due to, for example, the need for educational services or criminal activities, indicates that prevention programs should be aimed at children in the preschool period.
